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XXXVI. Account of a new Injlrument for meafuring fmall 
Angles^ called the prifmatic Micrometer, By the Rev. 
Nevil Mafkelyne, D. D. F. R. S. and AJlronomer- 
Royal. 



Read Dec 18, T}R ACTIC AL aftronomy was much be- 
nefited by the invention of the wire 
micrometer, for meafuring differences of right afcenfion 
and declination : nor did it receive lefs advantage from 
Mr. savery's moil ingenious invention of the divided 
object-giafs micrometer, which has been rendered more 
commodious by the late Mr. john dollond's applica- 
tion of it to the object-end of a reflecting telefcope, or 
the prefent Mr. peter dollond's application of it to the 
object-end of an achromatic refracting one. 

But, valuable as the object-glafs micrometer un- 
doubtedly is, fome difficulties have been found in the 
ufe of it, owing to the alterations in the focus. of the eye, 
which are apt to caufe it to give different meafures of the 
fame angle at different times. For inftance, in meafuring 
the Sun's diameter, the axes of the pencils of rays, which 
come through the two fegments of the objecli-glafs from 
4 contrary 
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contrary limbs of the Sun, crofilng one another at the 
focus of the'telefcope under an angle equal to that ot 
the Sun's diameter, the union of the limbs of the two 
images of the Sun cannot appear perfect unlefs the eye 
be difpofed to fee objects diftin&ly which are placed at 
point of interfedtion. But if the eye be difpofed to fee 
objects dhtindtly, which are placed nearer the objedt- 
glafs than the interfedtion is, the two limbs will appear 
feparated by the interval of the axes of the pencils in 
that" place j and if the eye be difpofed to fee objedts dif- 
tindWy, which are placed farther from the abjedt-glafs 
than the interfedtion is, the two limbs will appear to en- 
croach upon each Other by the diftance of the axes of the 
pencils, after their crofling, taken at that place. 

To explain this, let ov (plate XIX, fig. i.) reprefent 
the centres of the two femi-rdrcular glaffes of the objedt- 
glafs micrometer, feparated to the diftance ov from each 
other, fubtending the angle oa v, equal to the Sun's dia- 
meter, at the point a, which is the common focus of the 
two pencils of rays having oa and va for their axes, 
namely, thofe proceeding from contrary fides of the Sun, 
and pafling through the contrary femi-circles ; and let d 
be the eyc-glafs. It is evident, that if d be properly 
placed to give diftindt vifion of objedts placed at the point 
a, the rays oa, va, as well as all the other rays belonging 

S to 
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to thofe pencils, will be collected into one point upon the 
retina of the eye; and confequently, the two oppofite 
limbs of the two images of the Sun will feem to coin- 
cide, and the two images of the Sun to -touch one ano- 
ther externally. But if the ftate of the eye mould alter, 
the place of the eye-glafs remaining the fame, the eye 
will be no longer difpofed to fee the image formed at the 
point a diftinctly, but to fee an object placed at ef 
nearer to or farther from the object-glafs diftinctly; and 
therefore an image will be formed on the retina exactly 
fimilar to the fomewhat confufed image formed by the 
rays on a plane perpendicular to their courfe at ef. Con- 
fequently, as the two cones of folar rays, boa r cva, 
formed by the two femi-circles, are feparated or en>- 
croach upon one another at this point of the axis by the 
diftance ef, the two images of the Sun will not feem to 
touch one another externally ,but to feparate or to encroach 
upon one another by the interval ef. The error hereby 
introduced into the meafure of the Sun's diameter will 
be the angle erf fubtended by ef at r the middle point 
between o and v, which is to eafot oav, the Sun's ap- 
parent diameter, as ae to er, or even to ar r on account 
of the fmallnefs of ae with refpect to ar. 

Thefe confiderations concerning the caufe of a prin- 
cipal error that has been found in the object-glafs micro- 

Vol. LXVII. 5 H meter, 
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meter lei me to inquire, whether fome method might 
not. be found of producing two di£lin<£t reprefentations of 
the Sun, or any other object, which mould have the axes 
of the pencils of rays, hy which they are formed, diverg- 
ing from one and the fame point, or nearly fo: and it 
occurred to me, that this might be done by the refraction 
of a prifm.placed to receive part of the rays proceeding 
from the object, either before or after their refraction 
through, the object-glafs of a telefcope. If the prifm be 
placed without the. object-glafs^ the rays that are re- 
fracted through it will make an angle with the: rays 
that pafs befide it equal to the reffaction,of the prifm; 
and this angle will not be altered by the refraction, of the 
object-glafsafterwacds, Confequently* two-images of an 
object will be rejprefented, .and the prifm fo applied will 
enable us to, meafure the apparent diameter of any ob- 
ject, or any other- angular diftance which is. equal to the 
refraction of the prifm. But if the prifm be placed 
within the object-glafs, that is to fay,,between-the object- 
glafs and eye-glafe, the angle meafured by the inftrument 
will vary according to the diftance of the prifm from the 
focus of the object-glafs, bearing the fame, ratio to the 
refracTion of the prifm, as the diftance of the prifm from 
the focus hears, to the focal, length of the. objecT>glafs. 

Let 
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Let acb (fig. 2.) reprefent the object-glafs, and d the 
eye-glafs of a telefcope, and f-r a prifm placed to in- 
tercept part of the rays coming from an object, fup- 
pofe the Sun, before they fall on the object-glafs. The 
rays ee proceeding from the Eaftern limb of the Sun, 
and refracted through the object-glafs acb without paf- 
fing through the prifm, will form the correfponding 
point of the Sun's image at e\ and the rays ww proceed- 
ing in like' manner from the Weftern limb of the Sun 
will be refracted to form the correfpondent point of the 
Sun's image at w. But the rays 2E, 2E, aw, aw, pro- 
ceeding in like manner from the Eaftern and Weftern 
limbs of the Sun, and falling on the prifm pr, and 
thence refracted to the object-glafs acb, will, after re- 
fraction through it, form the correfpohdent points of the 
Sun's image at ie y iw. Let the refraction of the prifm 
be equal to the Sun's apparent diameter: in this cafe, at 
whatever diftance the prhm be placed beyond the object- 
glafs, the two images of the Sun we, iwie, will touch 
one another externally at the point eiw, for the rays 
2W, 2 w, proceeding from the Weftern limb of the Sun 
being inclined to the rays ee proceeding from the 
Eaftern limb in the angle of the Sun's apparent diame- 
ter, will, after fuffering a refraction in pafling through 
the prifm equal to the Sun's apparent diameter, emerge 

5 H 2 from 
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from the prifm and fall upon the object-glafs parallel to 
the rays ee, and confequently will have their focus <2%v 
coincident with the focus e of the rays ee, and therefore 
the two images of the Sun ix>e, iW2e, will touch one 
another externally at the point e2w, and the inftrument 
will meafure the angle EC2W, and that only. 

But if the prifm be placed within the telefcope, the 
angle meafured by the inftrument will be to the refrac- 
tion of the prifm as the diftance of the prifm from the 
focus of the object-glafs is to the focal diftance of the 
object-glafs : or if two prifms be ufed to form the two 
images, with their refracting angles placed contrary 
ways, as reprefented in fig. 3. and 4. the angle meafured 
will be to the fum of the refractions of the prifms as the 
diftance of the prifms from the focus of the objecl-glafs 
is to the focal diftance of the object-glafs. For let- acb 
(fig. 3.) reprefent the object-glafs, and dthe eye-glafs of 
a telefcope, and pr, rs, two prifms interpofed between 
them, with their refracting angles turned contrary ways, 
and the common fections of their refracting planes 
touching one another at r. The rays proceeding from 
an object, fuppofe the Sun, will be difpofed, by the re- 
fraction of the object-glafs, to form an image of the Sun 
at the focus; but part of them falling on one prifm, and 
part on the other, will be thereby refracted contrary 
ways, fo as to form two equal images we, 2W2e, which, 

if 
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if the refractions of the prifms be of proper quantities, 
will touch one another externally at the point ezw. Let 
ecn be the axis of the pencil of rays ee proceeding from 
the Sun's Eaftern limb; and wco the axis of the pencil 
of rays ww proceeding from the Sun's Weftern limb; 
and the point n the place where the image of the 
Sun's Eaftern limb would be formed, and the point o 
where that of the Weftern limb would be formed, 
were not the rays diverted from their courfe by the 
refractions of the prifms* But by this means part 
of the rays ee, which were proceeding to n, falling 
on the prifm PR, will be refracted to form an image of 
the Sun's Eaftern, limb at e, while others of the rays ee, 
which fall on the prifm rs, will be refracted to form an 
image of the Sun's Eaftern limb at 21. In like manner, 
part of the rays ww, which were proceeding to form an 
image of the Sun's Weftern limb at o, falling on the 
prifm rs, will be refracted to form an image of the Sun's 
Weftern limb at aw coincident with e, the point of the 
image correfpondent to the Sun's Eaftern limb; while 
others ofthe rays ww,which fall on the prifm pr, will be 
refracted to form the image of the Sun's Weftern limb at 
w. The two i mages w e, a w %e, are fuppofed to touch one 
another externally at the point e%w. The ray bfr, which 
belongs to the axis ecn, and is refracted by the prifm 
ir to g, undergoes the refraction nr*?, which (be- 

caufe. 
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caufe finall angles are proportional to their fines, and the 
fine of nr<? is equal to the fine of its' fupplement nrc) 
is to ncr as Nc or ce is to nr or &e. In like manner, the 
ray wgr, which belongs to the axis wco, and is refracted 
by the prifm rs to 2iv or e, undergoes the refraction or e t 
which is to oc<? as oc or ce is to ro or r*; therefore, by 
compofition, orn the fum of the refractions or*, nr*, i* 
to ocn the fum of the angles oc*, nc*, or the Sun's ap- 
parent diameter, as c e to r*; that is, as the focal diftance 
of the object-glafs to the diftance of the prifins from the 
focus of the object-glafs. 

Or let the prifms pr, rs, be placed with their refract- 
ing angles p, s, turned from one another as in fig. 4,: 
the refraction of the prifm pr will transfer the image of 
the Sun from on to we, and the refraction of the prifm 
rs will transfer the image on to zwze, the two image* 
zwze, we, touching one another externally at the point 
lew* Let ecn, wco, be the axes of the pencils of rays 
proceeding from the two extreme limbs of the Sun, and 
n, o, the points where the images of the Sun's Eaftern 
and Weftern limbs would be formed by the object-glafs, 
were it not for the refraction of the prifms; the ray efr, 
which belongs to the axis ecn, and is refracted by the 
prifm rs to %e, undergoes the refraction nr2j?; and the 
ray wgr, which belongs to the axis wco, and is refracted 

by 
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by the prifm pr to w, undergoes the refra&ion orw. 
Now NC2tf, part of the angle meafured, is to nasi,, the 
refra<£tion of the prifra rs, as Rm to cm* and ocw, the 
of her part of the angle meafiired, is to okw, the, refrac- 
tion of the prifm pb, in the fame ratio of Rw.to ewx there- 
fore ©cn* the whole angle meafured, is to ORK,.thefum. 
of the refradtions of the. two prifms, as Rw.to era; 
that is, as the diftance of the prifms from the focus 
of the objeft-glafs to the. focal diftance of the objecV 
glafs. 

When the prifms are placed in -the manner, repre- 
fented in fig. 3. the point e of the image w.e- is illumi- 
nated only by the jays which fall on the objeft-glafs be- 
tween a and f, and the point aw only by the rays which 
falL.on the objeft-glafs between, b, and g. Now the an- 
gles crf, crg, equal to the refractions of the prifms, 
being conftant, the fpaces fc, cg, will increafe in propor- 
tion as the,diftances rf, rg, increafe, and the fpaces af,. 
gb, diminifh as much; and therefore, the images at the 
point of mutual contact ezw will be each illuminated by 
half the rays which fall on the objedt-glafe when the 
prifms are placed clofe to the objedt-glafs ; but will be 
enlightened lefs and lefs the nearer the prifms are 
brought to the focus of the objeft-glafs. 

But 
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But when the prifms are placed in the manner foewn 
in fig. 4. the images at the point of cental, as the prifms 
are removed from the object-glafs towards the eye-glafe, 
will be enlightened with more than half the rays that 
fall on the object-glafs, and will be moft enlightened 
when the prifms are brought to the focus itfelf ; for the 
point ze of the image %wie will be enlightened by all 
the rays ee that fall on the object-glais between b and F, 
and the point w of the image we will be enlightened by 
all the rays ww which fall on the object-glafs between a 
and g. But the difference of the illuminations is not 
very confiderable in achromatic telefcopes, on account of 
the great aperture of the object-glafs ; as the greateft 
fpace fg is to the focal diftance of the object-glafs, as the 
fum of the fines of the refractions of the prifms is to the 
radius. 

There is a third way, and perhaps the beft, of placing 
the prifms, £b as to touch one another along their fides 
which are at right angles to the common fections of their 
refracting planes. In this difpofition of the prifms, the 
images will be equally enlightened, namely, each with 
half the rays which fall on the object-glafs, wherever 
the prifms be placed between the object-glafs and eye- 
glafs. 

From 
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From what has been fhewn it appears, that this in- 
strument, which may be properly called the prifmatic 
micrometer, will meafure any angle that does not exceed 
the fum of the refractions of the prifms, excepting only 
very fmall angles, which cannot be taken with it on ac- 
count of the vanishing of the pencils of rays at the junc- 
ture of the two prifms near the focus of the object-glafs ; 
that it will afford a very large fcale, namely, the whole 
focal length of the objedt-glafs for the greateft angle 
meafured by it; and that it will never be out of adjufl> 
ment ; as the point of the fcale where the meafurement 
begins (or the point of o) anfwers to the focus of the 
object-glafs, which is a fixed point for celeftial objects, 
and a point very eafily found for terreftrial obje<Sts. All 
that will be neceffary to be done, in order to find the 
value of the fcale of this micrometer, will be to meafure 
accurately the diftance of the prifms from the focus 
when the inftrument is fet to meafure the apparent dia- 
meter of any object fubtending a known angle at the 
centre of the objeft-glafs, which may be eafily found by 
experiment, as by meafuring a bafe and the diameter of 
the object obferved placed at the end of it, in the man- 
ner practiced with other micrometers : for the angle fub^ 
tended by this object will be to the angle fubtended by a 
celeftial objecl:, or very remote land object, when the 
Vol. LXVII. 5 I diftance 
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diftance of the prifms from the principal focus is the 
fame as it was found from the actual focus in the ter- 
reftrial experiment, as the principal focal diftance -of the 
object-glafs is to the actual focal diftance in the faid ex- 
periment. 

It will, I apprehend, be the beft way in practice, in- 
ftead of one prifm to ufe two prifms, refracting contrary 
ways, and fo divide the refraction between them (as re- 
prefented in fig. 3. and 4.). Achromatic prifins, each 
compofed of two prifms of flint and crown-glafs, placed 
with their refracting angles contrary ways, will un- 
doubtedly be necefiary for meafuring angles with great 
precifion by this inftrument : and I can add with plea- 
fure, that I find by experiment made with this inftru- 
ment, as it was executed by Mr. dollond with achro- 
matic prifms, ground with great care for this trial above 
a twelve-month ago, that the images after refraction 
through the prifms appear very diftinct ; and that obfer- 
vations of the apparent diameters of objects may fee 
taken in the manner here propofed with eafe and pre- 
cifion. 

Two or more fets of prifms may be adapted to the 
fame telefcope, to be ufed each in their turn, for the more 
commodious measurement of different angles. Thus it 
may be very convenient to ufe one fet of prifms for mea- 

1 furing 



a new pHfinatic Micrometer, 8 1 1 

faring angles not exceeding 36', and confequently fit for 
meafuring the diameters of the Sun and Moon, and the 
lucid parts and diftances of the cufps in their eclipfes ; 
and another fet of prifms to meafure angles not much 
exceeding one minute, and confequently fit for meafur- 
ing the diameters of all the other planets. This latter 
fet of prifms will be the more convenient for meafuring 
fmall angles, on account of a fmall imperfection attend- 
ing the ufe of this micrometer, as before mentioned; 
namely, that angles cannot be meafured with it when the 
prifms approach very near the focus of the objeft-glafs, 
the pencils of rays being there loft at the point where 
the prifms touch one another. 

Upon the principles that have been here explained, a 
prifm placed within the telefcopeof an aftronomical in- 
ftrument, adjufted by a plumb-line or level, to receive all 
the rays that pafs through the objecVglafs, may conve- 
niently ferve the purpofe of a micrometer, and fuperfede 
the ufe both of the vernier fcale and the external micro- 
meter; and the inftrument may then be always fet to 
fome even divifion before the obfervation. Thus the 
ufe of a telefcopic level may be extended to meafure 
with great accuracy the horizontal refradions, the de- 
preffion of the horizon of the-fea, and fmall altitudes 
and depreflions of land objects. Time and experience 

5 1 2 will 
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will doubtlefs fuggeft many other ufeful applications of 

this inftrument. 

A paper from the learned Abbe boscovich was read 
before this Society the ninth of laft June, defcribing a 
limilar contrivance as an invention of the Abbe rochon, 
in which the Abb6 boscovich himfelf alfo claims fome 
fhare ; I therefore defire to acquaint this Society, that I 
communicated this invention to Mr. dollond, and had 
it executed by him ; and alfo mewed the inftrument itfelf, 
fo executed, to my efteemed friend Alexander aubert, 
efq. fellow of this Society, a gentleman very well quali- 
fied to judge of things of this nature, above a twelve- 
month before the communication of the Abbe" bosco- 
vice's paper, as will appear from their written attefta- 
tions, drawn up at my defire, defcribing the particulars 
of the communication of this invention which I made to 
them fo long ago. May I be permitted to remark, that 
this inftrument having been executed by my directions, 
in feveral forms, by Mr. dollond, between the months 
of March and Auguft, 1776, and fet up and tried at his 
houfe in the prefence of feveral of his workmen, could 
not be confidered as an abfolute fecret concealed from the 
public. However, I doubt not that the following attefta- 
tionsof Mr. aubert and Mr. dollond will fufficiently 
prove my title to this invention of the prifmatic micro- 
6 meter ; 
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meter ; and I take this opportunity of exhibiting to the 
Society the inftrument itfelf, mentioned in Mr. dol- 
lond's letter as executed by himfelf according to my di- 
rections, and fent to the Royal Obfervatbry in the month 
of Auguft 1776. 

Greenwich, 
December 1 1, 1777. 



TO THE REV. DR. MASKELYNE. 

R-ir v e 1 -o St. Paul's Church-yard, 

■** V * " l K » Nov. «, .777. 

ACCORDING to your defire I fend the following 
particulars of the experiments which were made by your 
directions, for compleating a new kind of micrometer for 
meafur'mg fmall angles. About the beginning of April 
1 776, 1 received your firft directions refpecting this mat- 
ter, which were to make two prifmatic glaffes or wedges 
of fuch angles that rays of light, which paffed through 
them, fhould be refracted about 18' of a degree: thefe 
were to be placed between the object-glafs and eye-glafs 
of an achromatic telefcope about 30 inches long. The 
angular edges of the two prifmatic glaffes were to be 
placed in contact with each other; they were to be 
moved in a parallel pofition from the object-glafs to •the* 

focus 



8l4 -£>»"> M'ASKELYH'E'g AvCOUHt of 

focus of im eye-iglafs, and to be of fucb a fize as to cover 
the aperture of the dbjedt-glafs when brought clofe to it. 
By the tfefra&km of thefe wedges two images were 
formed in the tetefcope, which Were at the greateft dif- 
tance (about 36') when the wedges were clofe to the ob- 
jecVgiafs, and approached as they were moved towards 
its focus, where they united; fo that the whole focal 
diftance of the objedt-glafs was to be the length of the 
fcale for meafuring the angular diftance of the two 
images formed in the telefcope. When thefe wedges 
were applied, as above defcribed, the two images were 
found to be coloured to a great degree, occafionedby the 
refra&ion of the Wedges. This defect you directed me 
to remove by making the prifmatic glaffes or wedges 
achromatic, on the fame principles as the achromatic 
obje&-glafiesj and, after fome difficulties, this was ef- 
fected; the two images formed in the telefcope appeared 
free from colours and diftinct. The above experiments 
were made in a rough wooden tube, with an inconve- 
nient method of moving the wedges by hand: in this 
itate it was When fhewn to Alexander aubert, efq. 
F. r. s. towards the end of May, 1776; after which you 
defif ed to have it done in a more compleat manner, in a 
torafs tube,- with a means of turning the tube round to 
take angles in different directions, and a method of 

moving 
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moving the wedges with a fcrew. This was compleated 
about the middle of Auguft in the fame year, and then 
fettt to the Royal Ghfervatory. I have the honour to be, 

REVERENP SIR, 

Your obedient humble fervant, 

PETER DOLLOND. 



I HEREBY certify* that in the month of May,, 
1776, the Rev. Mr. maskelyne, Aftronomer-royal,, 
produced to me, at Mr. dollond's houfe in St. Paul's 
church-yard r and in his prefence, as a new invention of 
his pwn„ an inftrument for meafuring fmall angles,,con- 
fiftjpgof two achromatic prifms or wedges applied be- 
tween the objeft-glafs and eye-glafs of an achromatic 
telefcope about 30 inches long, by moving of which 
wedges nearer to, or farther from, the object-glafs, the 
two images of an objeit produced by them appeared to* 
approach to, or recede from^ each other, fo that the focall 
length. of the obje&-glafs became a fcale for meafuring 
the angular diftance of the two images.. 
H OT Lo 4 n , ao ?' ALEX*. AUBERT. 

«W-*7» '777» 



